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Abstract 
The super-atomization of liquid CO2 aimed at stable geological storage has been performed. All of geological storage techniques 
are required to prevent rising up of injected CO2 due to buoyancy effect. As an example, caprock CO2 trapping prevents the CO2 
rising up by impermeable layer, however this technique depends onto the geological structure and there are leakage risk. 
Therefore we proposed a new technique of trapping super-atomized liquid CO2 in the porous structure to realize stable geological 
storage and to boost the efficiency of storage. In this study, the super-atomization process and the emulsion stability have been 
observed. As the result, the liquid CO2 was able to be super-atomized the same scale as gap diameter of the sandstone aquifer. 
© 2008 Elsevier Ltd. All rights reserved 
Keywords: Carbon dioxide, Liquid carbon dioxide, Carbon capture and storage, geological storage, micronization,  
1. Introduction 
The global warming caused by the production of carbon dioxide (CO2) from burning fossil fuels is getting 
widespread international attention [1]. A significant reduction in the volume of CO2 emissions to the atmosphere is 
requiring urgent solution. There are number of ways by which CO2 emissions can be reduced, improvement of 
energy efficiency, use of renewable energy, and carbon sequestration. One of the important techniques of CO2 
reduction is carbon capture and storage (CCS). The technology exists to capture the CO2 from large stationary 
sources e.g., fossil-fueled power plants, cement manufacturing, etc., and storage in the sea or underground. In 
particular, geological storage is immediately-feasible technique because the oilfield technology is available [2]. The 
CO2 is directly injected into the oil fields, gas fields and sandstone aquifers. Since the density of CO2 is smaller than 
water, all of geological storage techniques are required to prevent rising up of injected CO2 due to buoyancy effect. 
As an example, caprock CO2 trapping prevents the CO2 rising up by highly impermeable layer. However, this 
technique depends onto the geological structure and the caprock structures exist only few sites in areas surrounding 
Japan. Furthermore, there is CO2 leakage risk caused by existence of crack of the caprock structure.  
For these reasons, stable and caprock independent geological storage technique is required. In this paper, we 
proposed a new technique of trapping super-atomized liquid CO2 in a porous structure to realize stable geological 
storage and boost the efficiency of storage (see Figure 1). The micronized CO2, which is the same scale as the gap 
 
* Corresponding author. Tel.: +81-3-5734-3554 ; fax: +81-3-5734-3554 . 
E-mail address: uemura@mech.titech.ac.jp. 
c 09 Elsevier Ltd.
Energy Procedia 1 (2009) 3087–3090
www.els vi r.com/locate/procedia
doi:10.1016/j.egypro.2009.02.088
Open access und r CC BY-NC-ND license.
2 Author name / Energy Procedia 00 (2008) 000–000 
Water 
CO2 
Static atomizer 
Mixture of water & 
micronized liquid CO2
700 - 1000 m 
diameter in the sandstone aquifer, can be trapped stably by the interface tension. This technique realizes elevation of 
stability of CO2 storage and micronized liquid CO2 injection without relying caprock structure. In this study, the 
micronization process and the emulsion stability have been examined experimentally. 
 
2. Experiment 
In the experiment, the micronization process and stability of micronized liquid CO2 were focused. Figure 2 shows 
experimental apparatus. The experimental apparatus was mainly consisted of static mixer, circulation pump, and 
observation section. The liquid CO2 was atomized by using a static mixer placed in a closed circulatory channel. To 
visualize the micronization process with enough light intensity, three observation windows made of sapphire glass 
were placed in the channel. Micronized liquid CO2 was able to be observed through those windows. In order to 
measure the size of the micronized liquid CO2, dynamic light scattering particle size measurement was employed.  
Figure 1 Schematic diagram of trapping micronized liquid CO2. 
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Figure 2 Experimental apparatus. 
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Figure 3 Water and liquid CO2; (a) initial condition, (b) micronization of liquid CO2 without surfactant and 
(c) micronization of liquid CO2 with surfactant. 
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First, the circulatory channel was filled by surfactant-added water. Since water and liquid CO2 are mutually 
immiscible, a surfactant was added to assist the atomization of liquid CO2. By using a pressure control cylinder and 
a back pressure regulating valve, the circuit pressure was controlled 7.5 MPa, which was the same pressure as 700 m 
below ground. The temperature was kept room temperature (approximately 22 oC). After these setups, liquid CO2 
was injected into the pressurized circulatory channel by injection pump. With injection of liquid CO2, the water 
overflowed from the back pressure regulating valve. The injection volume of liquid CO2 was able to be measured by 
correcting the displaced water because these were the same volume as injected liquid CO2. The ratio of water to 
liquid CO2 is 3:2. The water and liquid CO2 mixture was circulated for 3 min with 500 ml/min flow rate. Diameter 
of micronized liquid CO2 is measured after stop the mixing because its measuring procedure uses Brownian motion. 
Diameter distribution and average diameter of micronized liquid CO2 were measured. 
 
3. Experimental results and discussions  
Micronized liquid CO2 was observed through the sapphire glass windows (see Figure 3). The liquid CO2 could be 
micronized by getting through the static mixer, however, micronized state was not stable. Lifetime of emulsion was 
about 2 min without surfactant. Separation of water-liquid CO2 phase was observed. On the other hand, liquid CO2 
was super-atomized in the presence of the surfactant and long lifetime was achieved. The micronized liquid CO2 
was stable and it kept clouded state for 2 hours. 
In order to trap the liquid CO2 into the sandstone, the CO2 droplet needs to be atomized in the same scale as gap 
of sandstone. Figure 4 shows gap diameter distributions of two kinds of sandstones, Berea and Tako sandstone. 
Dispersion peaks of both sandstones are at 1 and 10 μm. On the other hand, diameter distributions of micronized 
liquid CO2 are shown in Figure 5. The liquid CO2 is micronized in the 0.1 to 10 μm range. Distribution slightly 
shifts toward larger diameter with time, however, the distribution range is still in good agreement with the scale of 
the gap diameter. This result indicates that the liquid CO2 can be micronized same scale as the gap diameter of 
sandstone. 
Time variation of averaged diameter of liquid CO2 is shown in Figure 6. Immediately after stop mixing, average 
diameter was approximately 0.2 μm. The micronized liquid CO2 increases its diameter logarithmically as time 
advances and finally becomes stable around 2 to 2.5 μm. In order to discuss the stability of average diameter, further 
research with longer observation period needs to be done. However, it is expected that the micronized liquid CO2 
can keep its size in the sandstone aquifer because aggregation and coalescence is reduced by the porous structure. 
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4. Conclusion 
Super-atomization of liquid CO2 for stable geological storage has been performed. The micronization process and 
behavior of liquid CO2 was observed. The liquid CO2 was micronized with an average diameter of 2-3 μm and 
lifetime of the atomized state was for 120 min in the presence of surfactant. The diameter of the micronized liquid 
CO2 was same scale as the gap diameter distribution in the sandstone aquifer. Additionally, the lifetime is 
substantially long for CO2 injection process. For these experimental results, a feasibility of stable and caprock 
independent CO2 geological storage has been suggested. 
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Figure 5 Time variation of liquid CO2 
diameter distribution. 
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Figure 4 Gap diameter distribution of sandstone. 
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Figure 6 Time variation of averaged liquid CO2 diameter. 
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